OC-0093: Quantification of deformations on 3T MRI for the Utrecht Interstitial CT/MR brachytherapy applicator  by Van Heerden, L.E. et al.
3rd ESTRO Forum 2015                                                                                                                                         S47 
 
time, the MILP plans exhibit slightly higher V100%. Contrarily, 
DOPSA displays fast and steady convergence. 
Caption: 
Solution quality (percentage of the target volume receiving 
the prescribed dose, V100% ) versus computation time for the 
proposed algorithm (DOPSA) and existing algorithms (IPIP, 
MILP). Data for three patients, averaged over 250 replications 
each. 
 
 
Conclusions: Our local search algorithm optimizes DVH-
criteria and is extendable to additional DVH-constraints. 
Furthermore, our algorithm outperforms an existing general 
purpose solver-based algorithm and is generally advantageous 
in terms of computation speed.  
   
OC-0093   
Quantification of deformations on 3T MRI for the Utrecht 
Interstitial CT/MR brachytherapy applicator  
L.E. Van Heerden1, O.J. Gurney-Champion2, Z. Van Kesteren1, 
B.R. Pieters1, A. Bel1 
1Academic Medical Center, Radiation Oncology, Amsterdam, 
The Netherlands  
2Academic Medical Center, Radiology, Amsterdam, The 
Netherlands  
 
Purpose/Objective: MRI is often used in brachytherapy 
treatment planning of gynaecological cancers. Magnetic field 
strengths of 1.5T are typically used, as image distortions 
caused by inhomogeneities of the main magnetic field (B0) 
are considered acceptable. Lately, there has been an 
increased interest in 3.0T MRI, as it leads to a higher signal to 
noise ratio. However, distortions become more pronounced 
with increasing field strengths. Because little is known about 
the magnitude of image distortions on the applicator and 
patient at 3.0T MRI, the aim of this study was to quantify 
deformations of the Utrecht Interstitial CT/MR applicator 
(Elekta Brachytherapy) at 3.0T using a homogeneous 
phantom. 
Materials and Methods: We built a MRI-compatible phantom 
that suspended the applicator in water (Fig 1A) and scanned 
it on a Philips Ingenia 3.0T MRI. Multi-echo images were 
acquired and from these we calculated a frequency shift (Δf) 
map of the spins by unwrapping phase differences between 
two echoes. This map, as a sequence independent measure of 
image distortions, allowed us to calculate the theoretical 
shift (Δx) along the length of the intrauterine device for any 
MR-sequence. T2-weighted images (voxel size 
0.75x0.75x3.5mm3, BW=200Hz/voxel) were also acquired. 
Two scans were obtained using opposing read-out directions 
as deformations occur primarily in this direction. By rigid 
matching of these images we determined the applicator shift 
(Δxmeas) that was caused by deformations, for three different 
positions along the length of the intrauterine catheter. The 
theoretical Δx determined from the T2-weighted scan 
protocol parameters and the Δf map were compared to Δxmeas 
to verify whether the Δf map can be used to calculate Δx. 
Finally, the Δf map of the cervix was acquired in a healthy 
volunteer without the applicator to determine the 
susceptibility artifacts in vivo and calculate the mean Δx 
using the same parameters as used in our T2-weighted 
sequence. 
Results: In the phantom, Δf decreased towards the ovoids 
(Fig 1B), resulting in average Δx=0.29±0.05mm in front of the 
tip, Δx=0.10±0.04mm at mid intra-uterine and 
Δx=0.05±0.04mm near the ovoids (Fig 1C). By matching the 
images with opposing read-out directions on the phantom, 
the measured shift was 0.1 mm at most, at the tip of the 
catheter. A mean Δx of 0.36±0.24 mm was found in vivo near 
the cervix. The Δf spread (1SD) determined in vivo was 
considerably larger than the spread found in the phantom (76 
Hz vs. 41 Hz, Fig 1D). 
Conclusions: Our phantom study showed that deformations 
using 3.0T MRI on the applicator are small compared to the 
imaging pixel size. The range of Δf in the female pelvis 
without applicator is large compared to the phantom with 
applicator, as the phantom provides a more homogeneous B0 
than the anatomy of the patient. However, the determined 
theoretical shift was found to be small near the cervix (mean 
0.36 mm).  
This work was funded by Elekta Brachytherapy. 
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Purpose/Objective: Development of MRI scan protocols for 
1.5T and 3T MRI-only based treatment planning using a 
titanium Fletcher applicator for combined intracavitary and 
interstitial cervical brachytherapy. Scan protocols were 
optimized to allow geometrically accurate anatomical 
delineation and applicator reconstruction, while respecting 
MR safety limits.  
Materials and Methods: The MR-conditional/CT-compatible 
applicator (Fletcher-style, Varian) with titanium intrauterine 
and ovoid probes and plastic (PEEK) needles was positioned in 
gel phantoms with plastic markers as reference points. The 
composition of the phantoms was prepared such that T1 and 
